Background: The World Health Organization (WHO) introduced the MPOWER package to support policy implementation under the Framework Convention on Tobacco Control (FCTC). This study examined the effect of MPOWER policies on smoking prevalence and cigarette consumption in a global context. Methods: The MPOWER composite score was constructed by adding up the six MPOWER scores for each country and survey year 2007-2008, 2010, 2012, and 2014, with a possible range between 6 ( 1 in each of the six score) and 29 (4 in M score and 5 in POWER scores). MPOWER composite scores that measured policy implementation were then linked to cigarette smoking prevalence and consumption data from Euromonitor International. Fractional logit and OLS regressions were employed to examine the effect of the composite MPOWER score on adult smoking prevalence and cigarette consumption, respectively.
Introduction
The World Health Organization Framework Convention on Tobacco Control (WHO FCTC), one of the most rapidly ratified treaties in the history of the United Nations, is an international agreement that seeks to protect the world population from the global tobacco The MPOWER package further allows researchers to assess the progress of the WHO FCTC and to evaluate the effectiveness of policies recommended by the Framework.
Using the package data from 2007 to 2010, Dubray et al (2015) assessed the effects of six MPOWER scores on smoking prevalence and found that M and R scores significantly reduced smoking prevalence. (2015) and for the sake of assessing the effect of the total MPOWER package (7), we constructed an MPOWER composite score by adding up the six MPOWER scores for each country and survey year. This is also because, as countries gradually adopted the WHO FCTC policies in guidelines, these six scores that measure policy implementation became highly collinear, resulting in underestimated effectiveness of these scores in reducing smoking when they are estimated simultaneously. Using the composite score instead of individual scores will further allow us to employ as much variation in policy change as possible to estimate the effect of the combined WHO FCTC policy recommendation on reducing smoking. Finally, since each policy dimension was measured on a scale of 1 to 4 for M measure and a score of 1 to 5 for POWER measures, the possible range of the MPOWER composite score is from 6 (a 1 in each category) to 29 (a 4 in M category and a 5 in each POWER category).
Euromonitor International
Data on annual smoking prevalence and per capita cigarette consumption were obtained from Euromonitor International cigarette and tobacco country reports. These reports contain time-series data on smoking prevalence among all adults, males, and females for 63 countries during the study period. Adult smokers were defined as daily smokers who are older than the minimum legal smoking age in the country. 
Demographic Data from the World Bank
A series of demographic information was obtained from the World Bank database and included as controls in the analyses, including country-level GDP per capita, population aged 15-64, and population aged 65 and over. GDP per capita was measured in international dollars and converted to real terms using consumer price index. Population aged 15-64 and 65-over were defined as percentage of the total population that are in the age group 15-64 and 65 and over. (22) 
Methodology
Smoking prevalence in this study was measured at the country level using percentages between 0 and 1. Therefore, Fractional logit regressions (23), a type of generalized linear model for bounded outcomes between 0 and 1, were employed to examine the effect of the MPOWER composite score on smoking prevalence. OLS regressions were employed to examine their effect on cigarette consumption. Two-way fixed effects models, a method that expands the difference-in-difference approach to repeated treatments in multiple time periods, were used to assess the impact of MPOWER score on cigarette use. (24, 25) With country and year fixed effects entered as control variables, only with-in country changes over time in the composite MPOWER score were used for model identification, which teases out country-specific unobservable factors that were not controlled for in the Dubray et al (2015) study. 
Sensitivity Analysis and Falsification Test
We conducted a series of sensitivity analyses and a falsification test to examine the validity of estimates. First, we examined another specification in which we included the MPOWER composite score and prices. As previous literature suggests, prices are arguably the most effective policy. (7, 26) Prices data from Economist Intelligence Unit (EIU) (27) were used because they provided a larger analytical sample. The average cigarette prices for a pack of 20 cigarettes at country-year level were constructed by taking the mean of cigarette prices across stores and brands in a country. Second, since prices and R score are related, we also examined the specification in which we took off the R score from the composite score and controlled for prices. Finally, we regressed the current (time=t) smoking prevalence and cigarette consumption on one lead (time=t+1) of the MPOWER score to conduct a falsification test for a causal impact. If the future score was significantly associated with current smoking behaviors, there could be endogeneity issues that changes in policies are not independent from trends of smoking behaviors. Alternatively, if the future score was not significantly associated with the current smoking behaviors, this approach likely identifies a causal impact.
Results
Table 1 presents summary statistics for the dependent and independent variables.
Samples were limited to countries with information on smoking prevalence and cigarette consumption and non-missing independent variables (MPOWER composite score, country-level GDP per capita, population aged 15-64, and population aged 65 and over). Number of countries 63 75 Note: sample sizes and country composition are different for smoking prevalence and cigarette analytical samples due to data availability. shows that a 1-unit increase in the composite score significantly lowers smoking prevalence among adults and males by 0.2 percentage points (p< 0.05) and 0.3 percentage points (p<0.01), respectively. When the impacts were measured using percent changes, one-unit increase in the MPOWER composite score decreases smoking prevalence by 0.8 percent for both adults (p<0.5) and males (p<0.01). As the lower panel indicated, at this reduction rate, if countries had implemented the MPOWER package to the highest levels, they would have experienced a reduction of 7.26% and 7.87% in smoking prevalence during the study period for adults and males respectively. This association was not seen for female smoking prevalence. 
Sensitivity Analyses
In tables 3-5 we present results of sensitivity analyses and the falsification test. Sensitivity analyses using alternative specifications produce very similar results, suggesting that the findings are robust to different approaches to modeling prices. Moreover, sensitivity analyses suggest that the MPOWER composite score was significantly associated with lower cigarette consumption in these alternative specifications (p≤0.05). The falsification test results shown in Table 5 illustrates that the future MPOWER score does not significantly impact current smoking behavior, indicating that our results likely reflect the casual impact of the MPOWER package in reducing smoking.
Discussion and Conclusion
This study examined the effect of the MPOWER package on smoking prevalence and cigarette consumption and found that increasing implementation of the policy package significantly reduced smoking prevalence and cigarette consumption during 2007-2014. If countries had implemented the MPOWER package at its highest level, the reduction in cigarette use during this period would be 7.26% and 7.87% in smoking prevalence for adults and males, and 13.8% in cigarette consumption per capita per year.
These estimates are comparable but slightly smaller than the estimates in Gravely et al. (2017) . (8) That study found each score at the highest level to be associated with a 3.18% reduction in smoking, whereas we found all scores implemented at the highest level were associated with a 7.26-7.87% reduction in smoking. This may be because Gravely et al. (2017) (8) When smoking prevalence is measured in percentage points, our estimates further imply that a one-unit increase in the MPOWER composite score reduced smoking prevalence by 0.2 percentage points (p<0.05) among adults and 0.3 percentage points among males (p<0.05). These estimates are smaller than the effects estimated in Dubray et al (2015) . (7) That study found that a one-unit increase in M score is associated with a 1.04-1.07 percentage point lower smoking prevalence among adults and that a one-unit increase in R score is associated with a 0.41-0.95 percentage point lower smoking prevalence. (7) One explanation for this difference is that Dubray et al. (2015) In terms of cigarette consumption, one-unit increase in the MPOWER composite score leads to a reduction of 23 sticks (approximately 1 pack) of cigarette consumption per capita per year, which corresponds to a 13.8% reduction if MPOWER was implemented at the highest level. These findings are similar to previous studies that compared price elasticity estimates for smoking prevalence and cigarette consumption and found that the latter tends to be bigger. (28) We did not find significant association between MPOWER scales and female smoking prevalence. This finding is similar to that in Anderson et al. (2016) (9) , which shows that the negative relationship between policy implementation and changes in smoking was only found significant for males but not for females. In general, the nonsignificant results could be due to the low prevalence of smoking among females, which was only 16.4% in our analytical sample, compared to a smoking prevalence of 34.4% among males. In particular, female cigarette smoking is traditionally uncommon in many low-and middle-income countries (LMIC), in contrast to the high smoking prevalence among their male counterparts, and thus may not appear to respond to the increased implementation of tobacco control policies in these countries. Despite those limitations, our study is one of the few that assess the impact of WHO FCTC implementation using the latest MPOWER scores, and to the best of our knowledge, the first study that examined the impact of MPOWER on cigarette smoking prevalence and consumption using a two-way fixed effect approach. Our study provides evidence that implementation of key WHO FCTC measures significantly reduces smoking prevalence and cigarette consumption. Increasing the implementation of the MPOWER measures will lead to significant reductions in smoking and its harmful consequences. Future studies may expand on these findings to further explore potential differential impacts of MPOWER measures on smoking in countries at different epidemic stages or with different demographic characteristics to inform policy makers about more effective tobacco control strategies. 
